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(57) ABSTRACT 
A condenser-evaporator is constituted in such a way 
that first fluid chambers and second fluid chambers are 
alternately formed by multiple vertical partitions and a 
liquid in the first fluid chambers exchange heat with a 
fluid in the second fluid chambers, characterized in that 
a plurality of heat exchanger plates are arranged in 
multiple stages in the first fluid chambers to form a 
liquid passage having one end open, a plurality of liquid 
reservoirs communicating with the liquid passage and 
having a top open are provided in multiple stages on a 
side of the other end of the liquid passage, and a liquid 
is introduced in the liquid passage for heat exchange 
while being supplied to the liquid reservoir in each 
stage. Accordingly, the depth of the liquid is shallow so 
as to prevent a boiling point elevation due to the liquid 
head pressure, thus improving the efficiency of the 
condenser-evaporator. 

17 Claims, 21 Drawing Sheets 
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CONDENSER/EVAPORATOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a condenser-evapora 

tor which executes heat exchange with a liquid in a first 
fluid chamber and a fluid in a second fluid chamber to 
vaporize the liquid in the first fluid chamber. 

2. Description of the Related Art 
a. Conventional Condenser/Evaporator 
Many condenser-evaporators for use in double col 

umn rectifier of a cryogenic air separation plant, as 
disclosed in the Published Unexamined Japanese Patent 
Application No. 56-56592, are so-called plate fin type 
heat exchangers each employing many parallel parti 
tions vertically separating the condenser-evaporator 
into two types of chambers, namely oxygen chambers 
each as the first fluid chamber and nitrogen chambers 
each as the second fluid chamber, which are alternately 
provided adjoining one another. 

In each oxygen chamber of such a plate fin type con 
denser-evaporator, many vertical evaporation passages 
are formed by vertically providing heat exchanger 
plates, each evaporation passage having top and bottom 
ends open, with the bottom opening serving as an inlet 
to introduce, liquid oxygen and the top opening serving 
as an outlet to flow out a mixture of an oxygen gas and 
liquid oxygen. As the overall condenser-evaporator is 
immersed in liquid oxygen retained in the sump bottom 
space of the low pressure (LP) column of a double 
column rectifier, each oxygen chamber is filled with 
liquid oxygen and the liquid oxygen in this oxygen 
chamber is subjected to heat exchange with nitrogen 
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gas in the adjoining nitrogen chamber, and the part of 35 
the liquid oxygen is vaporized into oxygen gas bubbles 
and rises in the evaporation passage. The liquid oxygen 
circulates from the inside to outside of a condenser 
evaporator because of developed head pressure due to 
the density difference between the mixture of the vapor 
ized gas and liquid in the oxygen chamber and the liquid 
around the condenser-evaporator in the sump. 
The nitrogens chamber is enclosed chamber in which 

vertical heat exchanger plates are provided as in the 
oxygen chamber to form many vertical condensing 
passages, and it is connected to the high pressure (HP) 
column of the double column rectifier via headers pro 
vided at the upstream and downstream ends of the con 
necting passages. The nitrogen gas drawn out from the 
upper portion of the HP column is introduced to the 
condensing passages through the upper header to be 
subjected to heat exchange with the liquid oxygen in the 
adjoining evaporation passage, and the condensed liq 
uid nitrogen is led out from the condenser evaporator 
through the lower header. 

b. Disadvantages of A conventional Condenser 
Evaporator 
As mentioned above conventional condenser 

evaporator is immersed in the sump of liquid oxygen at 
the bottom space of the LP column, and is well known 
as a material property that the higher the liquid pressure 
becomes, the higher the boiling point of the same liquid 
rises. The head pressure of liquid oxygen in oxygen 
passage is higher at a lower position than at a higher 
position of an oxygen passage depending on the depth 
of liquid oxygen. Therefore, the boiling point of liquid 
oxygen in the passage is higher at the lower position 
than at the higher position of the oxygen passage. This 
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phenomenon is generally called the "rise of the boiling 
point". In liquid oxygen the rise of the boiling point is 
about 1° C. per one meter of liquid depth. The condens 
er-evaporator is heat exchanged by the difference be 
tween the boiling temperature of oxygen and the con 
densation temperature of nitrogen according to the 
following equation of heat transfer. 

where 
Q: Heat exchanged kcal/h 
H: Heat transfer coefficient kcal/m2/C 
S: Heat transfer area m2 
AT: Temperature difference C 

The condensation temperature of nitrogen in the HP 
column (one example: - 177.5C. at 4.8 kgf/cm2G) is 
higher than the boiling point of oxygen in the LP col 
umn (one example: - 179.5C. at 0.6 kgf/cm2G). There 
fore the temperature difference between both passages 
decreases with the rise of the boiling point of liquid 
oxygen which corresponds to the liquid oxygen head 
pressure. This means that the head pressure of liquid 
oxygen reduces the heat amount to be exchanged with 
the condenser-evaporator. 

In order to obtain the required heat exchange, there 
are two available procedures if heat transfer coefficient 
H remains constant. The first procedure is to increase 
heat transfer area S. The secondary one is to increase 
the temperature difference AT. 
The first procedure leads us to the disadvantage of a 

larger shell diameter of the sump. 
Normally, the difference between the temperature on 

the nitrogen side of the conventional condenser 
evaporator and that on the oxygen side is designed only 
1 to 2 C. at the top of the condenser-evaporator, so that 
the mentioned rise in boiling point of the liquid oxygen 
causes a significant problem in the performance of the 
condenser-evaporator. In other words, making the pas 
sage lengths of condenser-evaporator longer in order to 
get larger heat transfer area results in increasing the 
height of the condenser-evaporator, or liquid depth of 
the liquid oxygen and thus raising the boiling point, 
resulting in a decrease in the temperature difference, so 
that the heat transfer area should be increased not by 
increasing the height of condenser-evaporators but by 
increasing their number. This results in making the 
diameter of the sump larger to include all condenser 
evaporators, which makes it difficult to integrate the LP 
column, the sump and the HP column. 
The second procedure leads us to the disadvantages 

of higher power consumption. That is, the operational 
pressure of the HP lower column should be increased to 
make condensation temperature higher in drder to in 
crease the temperature difference. 
The operational pressure of the HP column deter 

mines the condensation temperature of saturated nitro 
gen at the top of this column. The higher the opera 
tional pressure of the HP column, the higher the outlet 
pressure of the air compressor becomes. 

Since the power of an air separation plant is con 
sumed mostly in the compression of raw air or increas 
ing the pressure of the HP column to develop the tem 
perature difference between nitrogen chamber and oxy 
gen chamber of condenser-evaporator, any further low 
ering of the pressure of the column can reduce the 
power consumption. The process flow sheet of this 
double columned rectification system for air separation 
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is shown in U.S. Pat. No. 4,372,764, Figures and de 
scriptions of line 46-57 in column 2, lines 17-26, and 
lines 30-33 in column 3. 
With the conventional structure in which a condens 

er-evaporator is immersed in liquid oxygen, however, 
the reduction in pressure of the HP column should be 
restricted by an amount of the rise in boiling point of the 
liquid oxygen by a liquid head. 

Further, the heat transfer area of the conventional 
condenser-evaporator is designed to provide full perfor 
mance for heat exchange when immersed fully in liquid 
oxygen. A full immersion of a condenser-evaporator 
requires that a large amount of liquid oxygen is stored 
up in the sump, which takes a long time. Before a full 
immersion, the condensed liquid of the liquid nitrogen 
serving as a reflux liquid of the HP column and an as 
cending vapor of the LP column by evaporation of the 
liquid oxygen are not sufficiently generated. As a conse 
quence, the rectifying operation does not start, requir 
ing an extended wait time (start up time) and resulting in 
a loss in power consumption. Further, safety measures 
in case of emergency become a big issue in that a lot of 
liquid oxygen spills if the sump breaks. 
The liquid oxygen rising in the evaporation passage at 

the bottom portion of the oxygen chamber should be 
heated by convective heat transfer with a lower heat 
transfer coefficient up to a boiling onset temperature, 
which reduces the heat transfer efficiency of that pas 
sage. As the nitrogen chamber on the condensing side 
has condensing passages formed vertically and nitrogen 
gas flows downward while being condensed, the 
amount of the liquid nitrogen increases with condensing 
along the downstream of these condensing passages and 
the condensed nitrogen becomes a thick liquid film to 
cover the heat transfer surface of the condensing pas 
sages. This film serves as a thermal resistance layer and 
this reduces the heat transfer performance. Therefore 
this present invention is related to the condenser 
evaporator improved the above-mentioned disadvan 
tages or inconvenient matter of a conventional condens 
er-evaporator. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a condens 
er-evaporator with an excellent heat exchanging effi 
ciency. 
More particularly, it is an object of this invention to 

provide a condenser-evaporator which can eliminate 
the height limitation to the shape to permit an inte 
grated structure of upper and lower columns of a recti 
fier for use in a large air separation plant, ensure heat 
exchange without immersing the condenser-evaporator 
in liquid oxygen, reduce the liquid head pressure by 
liquid depth to prevent a rise in boiling point, reduce the 
raw air compressing pressure to reduce the power con 
sumption, and shorten the start up period. 
According to this invention, there is provided a con 

denser-evaporator in which first fluid chambers and 
second fluid chambers are alternately formed by multi 
ple vertical partitions and a liquid in the first fluid cham 
bers exchanges heat with a fluid in the second fluid 
chambers. A plurality of heat exchanger plates are ar 
ranged in up-and-down multiple stages in the first fluid 
chambers to form a liquid passage having one end open. 
A plurality of liquid reservoirs communicating with the 
liquid passage and having a top open are provided in 
up-and-down multiple stages on the side of the other 
end of the liquid passage, and a liquid is introduced in 
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4. 
the liquid passage for heat exchange while being Sup 
plied to the liquid reservoir in each stage. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1 and 2 illustrate the first embodiment of this 

invention, the former being a cross-sectional view of an 
oxygen chamber of a condenser-evaporator, and the 
latter a cross-sectional view along the line 2-2 in FIG. 
1; 
FIG. 3 is a cross-sectional view of an oxygen cham 

ber of a condenser-evaporator according to the second 
embodiment; 
FIGS. 4 and 5 illustrate the third embodiment, the 

former being a longitudinal cross-sectional view illus 
trating an oxygen chamber and a liquid return chamber 
of a condenser-evaporator and the latter being a lateral 
cross-sectional view of the condenser-evaporator; 

FIGS. 6 through 9 illustrate the fourth embodiment 
of a condenser-evaporator of this invention, the upper 
part of FIG. 6 being a cross section taken along the line 
6-6 in FIG. 7, the lower part of FIG. 6 being a cross 
section taken along the line 7-7, FIG. 7 being a cross 
sectional plan view of an oxygen chamber, FIG. 8 being 
a partly cutaway left side view, and FIG. 9 being a 
partly cutaway right side view; 
FIGS. 10 and 11 illustrate the fifth embodiment of 

this invention, the former being a cross section of an 
oxygen chamber of an condenser-evaporator, and the 
latter being a side view of a condenser-evaporator 
block; 

FIGS. 12 and 13 illustrate one example in which the 
condenser-evaporator of the fifth embodiment is assem 
bled in a rectifier, the former being a cross-sectional 
plan view and the latter being a perspective view of the 
essential section; 
FIGS. 14 through 18 illustrate the sixth embodiment 

of a condenser-evaporator of this invention, FIG. 14 
being a cross-sectional front view of an oxygen cham 
ber of a condenser-evaporator, FIG. 15 being a cross 
sectional front view of a nitrogen chamber, FIG. 16 
being a partly cutaway side view, FIG. 17 being a partly 
cutaway front view, and FIG. 18 being a cross-sectional 
plan view; 
FIGS. 19 through 22 illustrate that the condenser 

evaporator according to the sixth embodiment is assem 
bled in a double column rectifier, FIG. 19 being a cross 
sectional front view illustrating the assembling in the 
double column rectifier, FIG. 20 being cross-sectional 
front view illustrating an oxygen chamber, FIG. 21 
being a cross-sectional front view illustrating a nitrogen 
chamber, and FIG.22 being a cross-sectional plan view 
illustrating the assembly of the double column rectifier; 

FIGS. 23 and 24 illustrate the seventh embodiment, 
the former being a partly cutaway perspective view of 
a condenser-evaporator and the latter being a cross-sec 
tional view of an oxygen chamber serving as a first fluid 
chamber; 

FIGS. 25 and 26 illustrate the eighth embodiment of 
this invention, the former being a cross-sectional view 
of an oxygen chamber and the latter being a diagram as 
viewed from the arrow 26-26 of FIG. 25; 
FIG. 27 is a cross-sectional view of an oxygen cham 

ber according to the ninth embodiment of this inven 
tion; and 

FIGS. 28 and 29 illustrate that the condenser 
evaporator according to the seventh embodiment is 
assembled in a double column rectifier, the former being 
a cross-sectional view of the essential section of the 
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double column rectifier and the latter being a cross 
section taken along 29-29 of FIG. 28. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This invention will be described with reference to the 
accompanying drawings and a case where a liquid to be 
evaporated is liquid oxygen and fluid to be condensed is 
nitrogen gas. As the same reference numerals are affixed 
to identical elements in the individual embodiments of 10 
the following description in the drawings, their detailed 
description will be omitted. The flow of a liquid is indi 
cated by a solid arrow and the flow of gas by a broken 
2OW. 

FIGS. 1 and 2 illustrate the first embodiment of this 
invention, the former showing an oxygen chamber serv 
ing as a first fluid chamber and the latter being a cross 
section along the line 2-2 in FIG. 1. 
A condenser-evaporator 50 has multiple oxygen 

chambers 56 as first fluid chambers and multiple nitro 
gen chambers 57 as second fluid chambers alternately 
formed by multiple vertically parallel partitions 55 
which are connected by top and bottom slant bars 51 
and 52 and left and right side bars 53 and 54. An inlet 
header 58 for distributively introducing nitrogen, gas 
GN into the nitrogen chambers 57 is provided at the top 
of the oxygen chambers 56 and nitrogen chambers 57, 
and an outlet header 59 for collectively discharging 
liquid nitrogen LN condensed in the chambers 57 is 
provided at the bottom of the chambers 56 and 57. 
The individual nitrogen chambers 57 are defined by 

partitions 55 and the side bars 53 and 54 located on the 
respective sides of the partitions. 
The individual oxygen chambers 56 are defined by 

the partitions 55 and upper and lower slant bars 51 and 
52, and heat exchanger plates 60 are provided in up-and 
down multiple stages inside each oxygen chamber 56 to 
form multiple liquid passages 61. Although the heat 
exchanger plates 60, which divide adjoining partitions 
55 in up-and-down, may be used one sheet for each 
stage, a corrugated heat exchanger fin is normally used 
therefor. The liquid passages 61 are inclined to have an 
inclination rising from one end of each oxygen chamber 
56 toward the other end. That is, the liquid passages 61 
have an upward inclination going from one end of the 
side of the liquid reservoirs toward a tip of the other end 
on the open side. A plurality of liquid reservoirs 63 
communicating with the liquid passages 61 are provided 
in up-and-down multiple stages on the side of an inlet 62 
which exists at the down parts of the passages 61. Fur 
ther, a plurality of liquid receivers 65 communicating 
with the liquid passages 61 are provided in up-and 
down multiple stages on the side bfan outlet 64 which 
exists at the upper parts of the liquid passages 61 in 
association with the liquid reservoirs 63, except for the 
last stage liquid passage 61. 
The liquid reservoirs 63 are shaped in box having its 

top open, and communicating with the oxygen cham 
bers 56 in its open side, so that a plurality of up-and 
down liquid passages 61 communicate with one liquid 
reservoir 63. Connected to each liquid reservoir 63 is a 
liquid distributing means 68 comprising a communica 
tion conduit 66 and a manifold 67; liquid oxygen LO is 
supplied to each liquid reservoir 63 from this liquid 
distributing means 68. As each liquid reservoir 63 has its 
top open, pressure is released on the gas side of the 
associated oxygen chamber 56 and the depth of the 
liquid in each liquid reservoir 63 is shallow, thus reduc 
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6 
ing the influence of the liquid head pressure of the liquid 
oxygen LO. This can prevent the boiling point from 
rising due to the liquid head pressure at the liquid depth 
of the liquid oxygen LO, lower the condensation tem 
perature of nitrogen gas GN to reduce the operational 
pressure of the lower column, and significantly can 
reduce the power consumption of the raw air compres 
SOI. 

The liquid receivers 65, almost like the liquid reser 
voirs 63, are shaped into a box having its top open. The 
liquid receivers 65 have a side open to the oxygen 
chambers 56 so that up-and-down multiple liquid pas 
sages 61 communicate with one liquid receiver 65. The 
liquid receivers 65 and the liquid reservoirs 63 are each 
provided for multiple liquid passages 61 as one block. 
The liquid receiver 65 communicates with the corre 
sponding liquid reservoirs 63 at a stage lower by one 
block via a liquid return conduit 69 which connects the 
bottom portions of both. The liquid oxygen LO, which 
has flowed through the liquid passage 61 from the liquid 
reservoir 63 located above and have not been evapo 
rated in that liquid passage 61, returns via this conduit 
69 to the liquid reservoir 63 at one lower stage. 
The liquid oxygen LO to be introduced into the thus 

formed oxygen chambers 56 is supplied to the individ 
ual liquid reservoirs 63 via the manifold 67. The liquid 
oxygen LO in each liquid reservoir 63 flows in the 
associated liquid passage 61 and is subjected to heat 
exchange with nitrogen gas GN flowing through the 
adjoining nitrogen chamber 57 via the heat exchanger 
plates 60 and partitions 55. As a result, part of the liquid 
oxygen is evaporated to be bubbles of oxygen gas GO. 
After these bubbles rise in the liquid passage 61 together 
with the liquid oxygen LO in the passage, they separate 
from the liquid oxygen LO at the outlet 64 and rise. 
Meanwhile, the liquid oxygen LO which has not been 
vaporized in the liquid passage 61, drops from the outlet 
64 to be received at the liquid receiver 65 and flows 
downward to the liquid reservoir 63 located lower by 
one block via the liquid return conduit 69. The amount 
of the liquid oxygen LO flowing through the liquid 
passages 61 is at least six times greater than the amount 
of evaporation of liquid oxygen to prevent a concentra 
tion and precipitation of acetylene. 
The liquid oxygen LO flows in the individual liquid 

passages 61 while sequentially flowing down via the 
liquid return conduits 69 for the lower liquid reservoirs 
63 from the liquid receivers 65, and flows downward 
repeating the evaporation and down flow. The liquid 
oxygen LO which have not yet been evaporated in the 
lowermost liquid passage 61 flows downstream of the 
condenser-evaporator 50 from the outlet 64 and remains 
in the liquid reservoir at the bottom portion of the upper 
column of the double column rectifier. Part of the liquid 
oxygen LO is extracted as a product as needed, the 
remaining portion is moved up by a liquid oxygen pump 
or thermosiphon reboiler or the like, and is again sup 
plied, circulating, to each liquid reservoir 63 from the 
liquid distributing means 68 after concentrated acety 
lene is removed through an acetylene absorber. The 
circulating liquid oxygen LO is part of excess liquid 
oxygen LO that is supplied to the oxygen chambers 56 
to prevent precipitation of a hydrocarbon such as acety 
lene into each passage. Since the amount of this liquid 
oxygen is only that of the liquid oxygen LO flowing 
down from the lower most liquid passage 61 of the 
oxygen chamber 56, as mentioned above, the above 
circulating amount needs to be very small. 
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The angle of inclination of each liquid passage 61 is 
properly selected according to the depth of the liquid 
reservoir 63 to be connected and the length of that 
liquid passage 61. Although the liquid passage 61 may 
be horizontally provided, inclining the liquid passage 61 
facilitates the flowing out of the bubbles of the oxygen 
gas GO originating from evaporation the heat transfer 
rate by progressing, enhancing the flow of the liquid 
oxygen LO. The vertical pitch of the individual liquid 
passages 61 is set properly so that the oxygen gas GO is 
accompanies the liquid oxygen LO. If this pitch is too 
large, it is difficult for the floating force of the oxygen 
gas GO to encourage a likewise flow of the liquid oxy 
gen LO. 
As in the above embodiment, forming the liquid pas 

sages 61 with an inclination permits the floating force of 
the bubbles of the evaporated oxygen gas GO to en 
courage a likewise movement of the liquid oxygen LO 
and discharge the gas from the outlet 64. Accordingly, 
the liquid oxygen LO is effectively evaporated, and the 
evaporated oxygen gas GO does not remain, so that the 
heat exchanging efficiency of the condenser-evaporator 
50 can be improved. The amount of the liquid oxygen 
LO flowing in each liquid passage 61 can be controlled 
by controlling the liquid depth in the liquid reservoirs 
63, or by controlling the length, inclination or opening 
cross-section area of the liquid passage 61. 
The liquid return conduits 69 may be formed in a 

gutter shape with an open top, and a plurality of them 
may be provided depending on the amount of the liquid. 
Further, by providing a nitrogen chamber on either 
outside of the condenser-evaporator 50, and providing a 
gutter-shaped liquid return conduit in close contact 
with the outside wall of the nitrogen chamber, the nitro 
gen gas can be heat-exchanged with the liquid oxygen at 
this portion to evaporate the latter. 
The liquid distributing means 68 may be provided 

with an overflow conduit or weir with the proper 
height to each liquid reservoir 63 so as to cause the 
liquid oxygen LO to sequentially flow in the liquid 
reservoirs 63 at lower stages from the overflow conduit 
or weir, instead of providing the manifold 67 and the 
communicating conduits 66. Alternately, the manifold 
67 and the liquid reservoirs 63 may be integrally formed 
with a communicating hole having a predetermined 
diameter to provide communication between the mani 
fold 67 and each liquid reservoir 63, so that the liquid 
oxygen LO can be supplied to each liquid reservoir 
from the communicating hole. Further, a predeter 
mined amount of liquid oxygen LO may be supplied to 
each liquid reservoir 63 by providing a flow regulating 
mechanism at the upper portion of the manifold 67, or 
adjusting the diameter or location of the communicat 
ing conduit 66, the communicating hole or the overflow 
conduit, and further adjusting the height of the over 
flow conduit or weir. 
As described above, the liquid oxygen LO which has 

not been evaporated in the liquid passage 61 is received 
in the liquid receiver 65 provided at the outlet 64 of this 
liquid passage without flowing downward in the con 
denser-evaporator 50 as it is from the outlet 64, and it is 
then returned to the liquid reservoir 63 at the inlet 62 
from the liquid receiver 65, thus significantly reducing 
the amount of liquid oxygen flowing downward. That 
is, to prevent precipitation of acetylene, more excessive 
liquid oxygen LO than has been evaporated should be 
supplied to the liquid reservoir 63 or liquid receiver 65 
at that stage and be permitted to flow downward. Ac 
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8 
cordingly, it is possible to make compact the raising 
means more compact in using either a liquid oxygen 
pump or thermosiphon reboiler to move the liquid oxy 
gen LO above the condenser-evaporator 50 from the 
bottom of the upper column of the rectifier, which can 
considerably reduce the operational power cost by low 
ering the compressing pressure of the raw air compres 
sor as well as reduce the cost of the equipment and 
operational power requirement of the ascending means. 
FIG. 3 illustrates a second embodiment of this inven 

tion. 
An oxygen chamber 56 of this condenser-evaporator 

70, as in the above embodiment, has a plurality of liquid 
passages 61 formed in up-and-down multiple stages, 
liquid reservoirs 63 and liquid receivers 65 are provided 
in multiple stages at two ends of each liquid passage 61. 
Further, a liquid reservoir 71 and a liquid receiver 72 
for supplying liquid oxygen LO are provided in the 
block of the liquid passage 61 at the uppermost stage. 
The liquid receiver 65 at each stage below the liquid 
receiver 72 has its bottom 65a communicating with the 
liquid passage 61, which communicates with the top 
portion of the liquid reservoir 63 lower than that liquid 
reservoir 63 which introduces into the liquid passage 61 
the liquid oxygen LO flowing downward to that liquid 
receiver 65. Further, a liquid return conduit 69 connects 
the liquid receiver 65 with the liquid reservoir 63 to 
gether which correspond to the block of each liquid 
passage 61. 

Accordingly, liquid oxygen LO flowing downward 
from the rectifier section of the upper column of the 
double column rectifier or the liquid oxygen LO sup 
plied from the bottom of the upper column in circula 
tion by the liquid oxygen pump or thermosiphon re 
boiler, etc. is first supplied to the uppermost liquid re 
ceiver 72, then it flows down the block of the upper 
most liquid passage 61 to the uppermost liquid reservoir 
71. Meanwhile, the oxygen gas GO which has been 
evaporated while flowing down through the liquid 
passage 61 rises against the liquid flow along that liquid 
passage 61 from the liquid receiver 72, or flows down 
together with the liquid to the liquid reservoir 71 and 
then separated, rising from this liquid reservoir 71. The 
liquid oxygen LO in the uppermost liquid reservoir 71 
flows down to the lower liquid reservoirs 63 via the 
manifold 67 and communicating conduit 66, and enters 
the respective liquid passages 61. 
The liquid oxygen LO which has not been evapo 

rated in the liquid passages 61 is received in each liquid 
receiver 65 at the outlet 64, and part of the liquid oxy 
gen flows into the liquid passage 61 communicating 
with the top of the lower liquid reservoir 63 from that 
liquid receiver 65 and flows downward, due to the 
inclination of this passage 61 to enter the lower liquid 
reservoir 63. The oxygen gas GO, which has been evap 
orated during the downward flow, flows down to 
gether with the liquid oxygen LO to the liquid reservoir 
63 and is separated to rise therefrom. A part of the 
liquid oxygen LO received at the liquid receiver 65 
flows into the liquid passage 61 to be introduced to the 
lower liquid reservoir 63 and the rest is returned to the 
original liquid reservoir 63 via the liquid return conduit 
69 for circulation. 
The liquid oxygen LO between the liquid reservoir 

63 and liquid receiver 65 corresponding to the block of 
the lowermost liquid passage 61 circulates in a path 
going from the liquid reservoir 63 and returning thereto 
through the liquid passage 61, liquid receiver 65 and 
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liquid return conduit 69 while part of it is being evapo 
rated. The liquid oxygen LO excessively supplied to 
prevent precipitation of acetylene overflows from this 
lowermost stage liquid reservoir 63 or liquid receiver 65 
and flows to the bottom of the upper column. 
By introducing part of the liquid oxygen LO, return 

ing to the liquid reservoir 63 from the liquid receiver 65, 
into the liquid passage 61 that communicates with the 
top of the lower liquid reservoir 63, it is possible to 
prevent acetylene precipitation without using an excess 
amount of excess liquid oxygen, as compared to the first 
embodiment. 

In other words, if the liquid receiver 65 is not pro 
vided, the liquid oxygen LO will flow into each liquid 
passage 61 communicating with the liquid reservoir 63 
depending on the liquid level in the liquid reservoir 63, 
so that only a slight amount of liquid oxygen LO flows 
in the liquid passage 61 communicating with the upper 
part of the liquid reservoir 63. This may cause the bub 
bles of oxygen gas GO to flow backward, without rising 
together with the liquid through the liquid passage 61 
toward the outlet 64. When this counter flow phenome 
non occurs, the liquid oxygen LO may not reach the 
outlet 64 of the liquid passage 61, thus forming a dry 
region in the passage and acetylene may be precipitated 
there. At this time, by making the bottom of the liquid 
receiver 65 communicate with the liquid passage 61 at 
the top of the lower stage liquid reservoir 63, liquid 
oxygen LO can be introduced in the liquid passage 61, 
to prevent drying of the interior of the liquid passage 61, 
i.e., precipitation of acetylene. Further, with this struc 
ture, this liquid passage 61 serves the same function as 
that of the liquid return conduit 69 to sequentially sup 
ply the liquid oxygen LO to lower stages, thus eliminat 
ing the need to separately provide the liquid return 
conduit 69. The number of liquid passages used for 
returning a liquid can properly be set according to the 
amount of processing or the like. 
FIGS. 4 and 5 illustrate a third embodiment in which 

a liquid return chamber serving as a liquid return pas 
sage is formed adjacent to an oxygen chamber. 
The oxygen chamber 56 of this condenser-evaporator 

80, as in both of the above embodiments, has heat ex 
changer plates 60 provided in multiple stages to form a 
plurality of liquid passages 61 in a chamber defined by 
partitions 55 and slant bars 51 and 52, with liquid reser 
voirs 63 having their open tops on the side of an inlet 
and liquid receivers 65 having their open tops on the 
side an outlet 64 being provided in multiple stages at 
both ends of each liquid passage 61. At the heat ex 
changer plate portion where a bottom plate 63a of the 
liquid reservoir 63 and a bottom plate 65a of the liquid 
receiver 65 are connected, a plate thicker than the ordi 
nary heat exchanger plate or a partition rod 81 is lo 
cated to improve the connectability between both bot 
tom plates 63a and 65a and reduce liquid leaks from the 
connected section. 
A side plate 82 is further provided outside the outer 

most oxygen chamber 56, and a liquid return chamber 
83 is formed between the side plate 82 and the partitions 
55 which define the oxygen chamber 56. As shown in 
the lower half of FIG. 4, this liquid return chamber 83 
has a plurality of partition rods 84 provided which 
connect the bottom plate 63a of the liquid reservoir 63 
and the bottom plate 65a of the liquid receiver 65 in 
association with each block. The upper and lower parti 
tion rods 84 and the side plate 82 and the partitions 55 
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10 
define liquid return passages 85 corresponding to the 
liquid reservoir 63 and liquid receiver 65. 
The above-described constitute liquid return passage 

85, like the liquid return conduit 69 of the previous 
embodiment, serves to permit the liquid oxygen LO to 
flow toward the liquid reservoir 63 from the liquid 
receiver 65, and should preferably not be provided 
adjoining the nitrogen chamber 57 in order to prevent 
the liquid oxygen LO to be evaporated in the liquid 
return passage 85 to hinder the flow of the liquid, due to 
the aforementioned problem of precipitation of a hydro 
carbon, particularly in the case of the liquid oxygen LO. 

Therefore, it is preferable that the liquid return cham 
ber 83 beformed outward of the oxygen chamber 56 at 
the outermost location or between the oxygen cham 
bers 56. For example, if the nitrogen chamber 57 at the 
position indicated by "A" in FIG. 5 serves as the liquid 
return chamber, the oxygen chambers 56 are preferably 
located at both sides of the liquid return chamber. The 
liquid return chamber 83 may be provided adjacent to 
the nitrogen chamber 57. In this case, the width of the 
passage should depend upon the flow resistance pro 
duced by the bubbles of evaporated oxygen gas GO. 
Although it is preferable to reduce the flow resistance 

in the liquid return conduit 85 as much as possible, a 
corrugation fin or spacer which has a lower flow resis 
tance may be provided in order to improve the struc 
tural strength. 
A plurality of liquid return chambers 83 may be pro 

vided in accordance with the flow rate of the liquid 
oxygen LO, for example, at both sides and at the center, 
and may be combined with the aforementioned liquid 
return conduits or the like. 
According to this embodiment, both ends of the side 

plates 82 located at both sides of the condenser 
evaporator 80 extend to constitute both side walls of the 
liquid reservoir 63 and liquid receiver 65, and on the 
side of the liquid reservoir 63 of one side plate 82, a 
liquid supply conduit 86 as the liquid distributing means 
is disposed adjacent and a communicating hole 87 cor 
responding to each liquid reservoir 63 is bored there. 
The liquid supply conduit 86 and the communicating 
hole 87 may be provided on the side of the liquid re 
ceiver 65 to supply liquid oxygen LO to each liquid 
receiver 65. A weir 88 is cut in the side wall of the end 
portion of the liquid receiver 65, so as to permit a given 
amount of liquid oxygen LO to flow downward to 
prevent precipitation of a hydrocarbon such as acety 
lene as well as to control the amount of liquid in each 
block constant, 
As described above, the individual fluid chambers 56 

and 57 or the liquid return passage 85 and the liquid 
reservoir 63 or the liquid receiver 65 can easily and 
integrally be produced by, for example, aluminum braz 
ing, which prevents conduits, gutters or the like from 
being exposed. It is therefore easy to handle. 
A condenser-evaporator 90 as shown in FIGS. 6 to 9 

has an oxygen chamber 56 in which a first liquid passage 
61a inclining upward from one side of the condenser 
evaporator to the other side and a second liquid passage 
61b inclining in the opposite direction to the first liquid 
passage 61a, upward from the other side of the condens 
er-evaporator to said one side, are formed. The first 
liquid passages 61a rising rightward in FIG. 6 are col 
lectively located at one side (upper half in FIG. 7) of the 
condenser-evaporator 90 in the width direction (up 
ward direction in FIG. 7), and the second liquid pas 
sages 61b rising leftward in FIG. 6 are collectively 
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located at the other side (lower half in FIG. 7). These 
liquid passages 61a and 61b are normally formed by 
inclining a corrugated heat exchanger fin. Partition rods 
81 slightly thicker than the heat exchanger plate are 
placed at the proper intervals of the liquid passages 61a 
and 61b to define passage blocks. 
A plurality of liquid reservoirs 63 and liquid receivers 

65 communicating with the liquid passages 61a and 61b 
are provided in up-and-down multiple stages at the end 
portion of oxygen chamber 56. The liquid reservoirs 63 
and liquid receivers 65 are provided for a plurality of 
liquid passages 61a and 61b in the vertical direction as 
one passage block, and are formed by a single bottom 
plate 91 bent to be disposed at a given location and a 
wall plate 92 provided to enclose the three sides of the 
bottom plate 91. The liquid reservoirs 63 and liquid 
receivers 65 communicate with each other at the upper 
surface of the bottom plate 91, with an attaching level of 
the plate 91 which corresponds to the liquid receiver 65 
being set higher than that level corresponding to the 
liquid reservoir 63, in order to permit the liquid oxygen 
LO flowing in the liquid receiver 65 to flow down to 
the liquid reservoir 63 at the same stage. 
The liquid oxygen LO to be introduced to the oxygen 

chamber 56 is supplied through the communicating hole 
87 to the liquid reservoir 63 on the side of the first liquid 
passage 61a from the liquid supply conduit 86, and 
flows in this passage 61a to be subjected to heat ex 
change with nitrogen gas GN in the adjoining nitrogen 
chamber 57, so that part of the liquid oxygen is evapo 
rated as oxygen gas GO. The liquid oxygen LO which 
has not been evaporated flows out, accompanied with 
the oxygen gas GO, from the outlet of the first liquid 
passage 61a, and flows into the liquid receiver 65 at the 
end portion of this passage 61a. The liquid oxygen in the 
liquid receiver 65 flows over the bottom plate 91 and 
down to the liquid reservoir 63 of the adjoining second 
liquid passage 61b, and is then introduced in this passage 
61b from the liquid reservoir 63. At this time, part of the 
liquid oxygen LO overflows the weir 88 down to the 
liquid reservoir 63 or liquid receiver 65 at a lower stage 
or to the lower portion of the condenser-evaporator 90. 

In other words, the liquid oxygen LO supplied to the 
liquid reservoir 63 from the liquid supply conduit 86 is 
introduced to the first liquid passage 61a from the liquid 
reservoir 63, reaches the liquid receiver 65 while partly 
evaporated, flows down from the liquid receiver 65 to 
the liquid reservoir 63 of the second liquid passage 61b 
to be introduced into the passage 61b, then returns to 
the original liquid reservoir 63 from the liquid receiver 
65 of the second liquid passage 61b, and circulates in 
this path. Accordingly, that amount of liquid oxygen 
LO which equals the amount evaporated in individual 
passages 61a and 61b and the amount overflowing from 
the weir 88, is supplemented to the liquid reservoir 63 
from the liquid supply conduit 86. 
As the liquid oxygen LO circulates the liquid pas 

sages 61a and 61b at the same stage through the liquid 
receiver 65 and liquid reservoir 63 while being partly 
evaporated in the passages 61a and 61b, it is possible to 
significantly reduce the amount of liquid oxygen flow 
ing downward of the-condenser-evaporator 90. 
Although, according to this embodiment, the individ 

ual upper and lower liquid reservoirs 63 and liquid 
receivers 65 are of the same size and adjacent liquid 
reservoir 63 and liquid receiver 65 communicate with 
each other over the bottom plate 91, the sizes of the 
liquid reservoirs 63 and liquid receivers 65 may be 
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12 
changed along an up-and-down direction, or the liquid 
reservoirs 63 and liquid receivers 65 may be shaped into 
independent boxes, both being connected by gutters or 
conduits which serve as communicating passages for 
liquid supply. 
FIGS. 10 and 11 illustrate a fifth embodiment in 

which multiple condenser-evaporator blocks are inte 
grally arranged to constitute a condenser-evaporator. 
A plurality of liquid reservoirs 63 are provided in 

up-and-down multiple stages between the individual 
condenser-evaporator blocks 100a, 100b, 100c and 100d 
of this condenser-evaporator 100. In FIG. 10, this liquid 
reservoir 63 serves as a liquid supplying liquid reservoir 
for the condenser-evaporator block located on the left 
side of the liquid reservoir 63, and serves as a liquid 
receiver for the condenser-evaporator block located on 
its right side as well as serving as a liquid supply pas 
sage. To each liquid reservoir 63 is connected a mani 
fold 67 through a communicating conduit 66, so that 
liquid oxygen LO retained in a liquid oxygen receiver 
101 provided at the upper portion of the condenser 
evaporator 100 is supplied to each liquid reservoir 63 
communicating with conduit 66. 
The liquid oxygen LO to be introduced to oxygen 

chamber 56 is supplied to each liquid reservoir 63 from 
the manifold 67 and flows into each liquid passage 61. 
The liquid oxygen LO which has not been evaporated 
in the liquid passage 61 flows out from the associated 
outlet 64, accompanied by the oxygen gas GO, and 
flows down to the liquid reservoirs 63 provided be 
tween the adjoining condenser-evaporator blocks 100a, 
100b, 100c and 100d at the next stage. Most of the liquid 
oxygen LO which flows down to the liquid reservoirs 
63 flows together with the liquid oxygen LO supplied 
from the manifold 67 into the liquid passages 61 of the 
condenser-evaporator blocks 100a, 100b, 100c and 100d 
at the next stage, though part of it overflows downward 
of the condenser-evaporator 100. 
As described above, while being partly evaporated in 

the liquid passages 61 of the individual condenser 
evaporator blocks 100a, 100b, 100c and 100d, the liquid 
oxygen LO flows into the individual liquid passages 61 
of the condenser-evaporator block at the next stage. If 
the condenser-evaporator blocks 100a, 100b, 100c and 
100d are linearly arranged, the liquid oxygen LO going 
out from the liquid passages 61 of the condenser 
evaporator blocks 100a, 100b, 100c and 100d at the last 
stage can be returned and recycled to the condenser 
evaporator blocks 100a, 100b, 100c and 100d of the first 
stage by providing gutters or conduits between the 
liquid receivers provided at the outlets 64 of the individ 
ual liquid passages 61 of the last stage condenser 
evaporator blocks 100a, 100b, 100c and 100d and the 
liquid reservoirs of the first stage condenser-evaporator 
blocks 100a, 100b, 100c and 100d. 

Accordingly, as described above, excess liquid oxy 
gen LO supplied to each liquid passage 61 and flowing 
out from the passage is sequentially supplied to the 
adjoining liquid passages 61 of the condenser-evapora 
tor blocks 100a, 100b, 100c and 100d at the same stage, 
thus significantly reducing the amount of liquid oxygen 
flowing downward of the condenser-evaporator 100. 
By dividing the condenser-evaporator 100 into a plu 

rality of condenser-evaporator blocks 100a, 100b, 100c 
and 100d to shorten each liquid passage 61, evaporated 
oxygen gas GO and liquid oxygen LO can be efficiently 
separated, thus improving heat exchanging efficiency. 
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Although, according to this embodiment, the liquid 
reservoirs 63 of the individual condenser-evaporator 
blocks 100a, 100b, 100c and 100d have the same level 
and the same size and a liquid is sequentially supplied to 
the condenser-evaporator blocks 100a, 100b, 100c and 
100d at the next stage, the vertical levels or sizes of the 
individual liquid reservoirs 63 may be changed. More 
specifically, as shown in FIG. 11, if the weirs of the 
upper liquid reservoirs 63 overhang the lower liquid 
reservoirs 63 to cause the overflowed liquid oxygen LO 
from the weir to flow down directly to the bottom of 
the upper column, concentration of acetylene can be 
decreased. Further, liquid reservoirs and liquid receiv 
ers may be provided at both sides of each of the con 
denser-evaporator blocks 100a, 100b, 100c and 100d, 
and may be connected together by gutters or conduits 
serving as liquid supply passages. 
FIGS. 12 and 13 illustrate one example in which the 

condenser-evaporator 100 with the above structure is 
assembled into a cylindrical vessel, for example, a recti 
fier bottom. 

In this condenser-evaporator 100, four condenser 
evaporator blocks 100a, 100b, 100c and 100d, as de 
scribed in the fifth embodiment, are arranged on the 
same circumference in an upper column 102 of the recti 
fier, and are connected by wide gutters 103 serving, as 
liquid supply passages. The liquid oxygen LO which 
flows out from the outlet 64 of the liquid passage 61 of 
each of the condenser-evaporator blocks 100a, 100b, 
100c and 100d is received at the liquid receiver 65, then 
is guided by the gutter 103 to the liquid reservoir 63 of 
each of the condenser-evaporator blocks 100a, 100b, 
100c and 100d at the next stage. A weir 88 is cut in the 
side wall of the liquid reservoir 63, so that excess liquid 
oxygen LO supplied to the liquid reservoir flows down 
to the liquid reservoir 63 at the next stage from this weir 
88. Therefore, the liquid oxygen LO supplied through a 
communicating conduit 66 from a manifold 67 flows 
counterclockwise in FIG. 12 while being partly evapo 
rated in the condenser-evaporator blocks 100a, 100b, 
100c and 100d, and partly flows as liquid oxygen for 
preventing precipitation of a hydrocarbon sequentially 
downward of the condenser-evaporator 100 via lower 
liquid reservoirs 63. 
The nitrogen gas GN for heat exchange with the 

liquid oxygen LO is introduced to the nitrogen chamber 
57 from a nitrogen gas elevating conduit 104 and distrib 
uting conduit 105 provided at the center portion of the 
upper column 102 through an inlet header 58 provided 
at the top of each of the condenser-evaporator blocks 
100a, 100b, 100c and 100d, and is condensed and led out 
from an outlet header (not shown). 
Arranging the condenser-evaporator blocks 100a, 

100b, 100c and 100d on the same circumference facili 
tates circulation of liquid oxygen LO. Further, since the 
condenser-evaporator blocks 100a, 100b, 100c and 100d 
having the same structure can be arranged, assembly is 
easier. 
FIGS. 14 through 18 illustrate the sixth embodiment 

of this invention. This condenser-evaporator 110 is pref 
erably constructed such that heat exchanger plates 60 
are arranged up-and-down in multiple stages as de 
scribed earlier to form liquid passages 61. A nitrogen 
chamber 57 is formed through partitions 55 adjacent to 
an oxygen chamber 56 designed to introduce liquid 
oxygen LO to the passages 61 from liquid reservoirs 63 
located at one side thereof. Each nitrogen chamber 57 is 
closed all around by slant bars 51 and 52 and side bars 53 
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and 54, and has heat exchanger plates 111 such as corru 
gation fins disposed therein to define many condensing 
passages 112 as gas passages open at both ends, with a 
gas guide passage 113 and discharge passage 114 being 
provided at respective sides of the condensing passages 
112. 

In order to lead out liquid nitrogen LN condensed in 
the condensing passage 112, the passage 112 has a 
proper downward inclination with respect to the hori 
zontal direction extending from the gas guide passage 
113 to the discharge passage 114. An inlet header 58 and 
an outlet header 59 are coupled respectively to the gas 
guide passage 113 and discharge passage 114 at both 
sides of the nitrogen chamber 57 to introduce nitrogen 
gas GN into the chamber 57 and discharge liquid nitro 
gen LN condensed in the condensing passage 112. 
The nitrogen gas GN is introduced to the individual 

condensing passages 112 through the inlet header 58 
and gas guide passage 113. The nitrogen gas GN led to 
the condensing passages 112 is heat-exchanged with 
liquid oxygen LO in the adjoining oxygen chamber 56 
and is condensed to be liquid nitrogen LN. This liquid 
nitrogen LN then flows down toward the discharge 
passage 114 due to the downward inclination of the 
condensing passages 112, and is discharged through the 
outlet header 59 from the discharge passage 114. Non 
condensed gas GX in the nitrogen gas GN is discharged 
from a purge nozzle 115 provided at the top of the 
discharge passage 114. 

Since many condensing passages 112 inclined down 
ward are formed in the nitrogen chamber 57 to lead 
nitrogen gas GN from one end of each condensing 
passage 112 and discharge it from the other end, the 
amounts of nitrogen gas introduced into each condens 
ing passage 112 arranged in the up-and-down direction 
in the nitrogen chamber 57 can be made the same and 
the amounts of nitrogen condensed in the passages 112 
can be made substantially the same from the uppermost 
to the lowermost condensing passage 112. The film heat 
transfer coefficients in the vertical direction of the con 
denser-evaporator 110 can therefore be made substan 
tially the same anywhere. 

Accordingly, sufficient heat exchange with the liquid 
oxygen LO at the lower portion of the oxygen chamber 
56 is possible, thus providing the maximum heat ex 
changing performance by condensation/evaporation. 
Particularly, in a large and tall condenser-evaporator, 
the condensing passage 112 can be shortened signifi 
cantly as compared with the prior art, and the liquid 
film of liquid nitrogen LN formed in each condensing 
passage 112 close to the discharge passage 114 can be 
made thinner, thus minimizing a reduction in heat ex 
changing performance. In addition, since the cross sec 
tion and the opening area of the condensing passage 112 
can be increased, the amount of condensation and fluid 
resistance per area of the condensing passage decreases, 
thereby further improving the heat exchanging effi 
ciency. Also, if a liquid dropper which is a protruding 
portion of the heat exchanger plate 111 is provided at 
part of the open end of the condensing passage 112 open 
to the discharge passage 114, the liquid nitrogen LN 
flowing down from the upper condensing passage 112 
can be guided to the discharge passage 114, thereby 
preventing the open end of the lower condensing pas 
sage 112 from being sealed by a liquid film. 
The gas guide passage 113 and discharge passage 114 

may be provided with a reinforcing member as needed 
for improving pressure characteristics; the material and 
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the location should be selected in consideration of pro 
viding a lower gas or liquid flow resistance, uniform 
distribution of gas, liquid discharging property, etc. 
The oxygen chamber 56 may have a structure similar 

to those of the previous embodiments, and the liquid 
Supplying mechanism and liquid return mechanism are 
not restricted to those shown in FIGS. 14 through 18, 
but may be replaced with those employed in the previ 
ous embodiments. 

Constructing the oxygen chamber 56 and nitrogen 
chamber 57 in the above manner can minimize any 
elevation in boiling point of liquid oxygen LO due to 
liquid head pressure at the side of the oxygen chamber 
56, as well as a reduction in the degree of heat exchange 
due to an increase in the liquid film thickness at the side 
of the nitrogen chamber 57. Accordingly, the entire 
heat exchanging area of the condenser-evaporator 110 
can be utilized for boiling and condensation with a high 
heat exchange characteristic. Since the heat exchanging 
characteristics in the up-and-down direction can be set 
substantially the same, the height of the condenser 
evaporator 10 can be freely set, so that the performance 
can be increased by increasing the height, thus assuring 
a large double column rectifier without increasing the 
diameter of the vessel in which the condenser-evapora 
tor is arranged. Further, improving the heat exchanging 
characteristics can decrease the temperature difference 
between the fluid on the condensation side and the fluid 
on the evaporation side, thus reducing the pressure of a 
lower column or the consumption of power of a com 
pressor for compressing a raw gas. 

Referring now to FIGS. 19 through 22, an embodi 
ment is disclosed in which the above condenser 
evaporator is assembled in a double column rectifier. 
A condenser-evaporator 120 according to this em 

bodiment is designed to have two condenser-evapora 
tors 110 of the previous embodiment combined to face 
each other. An oxygen chamber 56 has liquid reservoirs 
63 at both side portions of the condenser-evaporator 
120 and a discharge passage 121 for oxygen gas and 
liquid oxygen formed at the center portion, as shown in 
FIG. 20. A nitrogen chamber 57 has a gas guide passage 
113 at the center portion between facing condensing 
passages 112 and 112, and also has a discharge passage 
114 provided outside each condensing passage 112, with 
headers 58 and 59 being respectively coupled to the 
passages 113 and 114, as shown in FIG. 21. The gas 
guide passage 113 is provided with a reinforcing mem 
ber 113a such as perforated corrugation fins having 
many holes bored therein. If the condenser-evaporator 
120 is tall, an inlet header may also be provided at the 
top of the condenser-evaporator 120 to introduce nitro 
gen gas GN into the gas guide passage 113, thus averag 
ing the amount of nitrogen gas GN to be supplied. 
The above-described condenser-evaporator 120 is 

disposed within a space at the upper portion of a parti 
tion wall 122c for defining an upper column 122a and a 
lower column 122b of the double column rectifier, i.e., 
at the bottom of the upper column 122a, to permit the 
liquid oxygen LO from the upper column 122a to be 
heat-exchanged with nitrogen gas GN from the lower 
column 122b. 
The supply of liquid oxygen LO to this condenser 

evaporator 120 is done by supplying the liquid oxygen 
LO from a lowermost tray 123 in the upper column 
through a flow conduit 124 to a liquid oxygen receiver 
101 provided at the top of the condenser-evaporator 
and supplying circulating liquid oxygen LO to the re 

O 

5 

20 

25 

30 

35 

45 

50 

55 

65 

16 
ceiver 101 through a liquid elevating conduit 125. The 
liquid oxygen LO supplied to the liquid oxygen receiver 
101 is introduced through the individual liquid reser 
voirs 63 to the individual liquid passages 61 from liquid 
supply conduits 86, which are coupled to the receiver 
101 and provided at both sides of the condenser 
evaporator 120. The liquid oxygen LO in the liquid 
passages 61 is partially evaporated into oxygen gas GO 
as in the previous embodiments. A two-phase fluid of 
the liquid oxygen LO and oxygen gas GO, having 
reached an outlet 64 of the liquid passage 61 is separated 
out there as oxygen gas GO and liquid oxygen LO. The 
oxygen gas GO rises in the discharge passage 121. The 
liquid oxygen LO flows down along the discharge pas 
sage 121 to be retained in the liquid oxygen reservoir 
126 under the condenser-evaporator 120, and is then led 
out from the conduit 127, a portion becoming a product 
and the other portion circulating back to the liquid 
elevating conduit. 
The nitrogen gas GN at the top of the lower column 

122b is partially extracted as a product and the remain 
ing portion rises through a guide portion 129 at the 
inner periphery provided in a double-tube guide con 
duit 128 and is introduced in each condensing passage 
112 through the gas guide passage 113 at the center of 
the nitrogen chamber 57 from the inlet header 58. The 
nitrogen gas GN led into the condensing passage 112 is 
condensed as in the previous embodiments, as liquid 
nitrogen LN, which then flows toward the discharge 
passages 114 on both sides. This liquid nitrogen LN 
flows through the discharge passages 114 via an outlet 
header 59 and is led out from the conduit 131 through a 
discharge portion 130 at the periphery of the conduit 
128, a portion of the liquid nitrogen being extracted as a 
product and the remaining portion becoming a reflux 
liquid in the upper column 122a and lower column 122b. 
Non-condensed gas GX is led out from a purge nozzle 
115 as described earlier. 
As the liquid passages 61 and condensing passages 

112 for two blocks of the condenser-evaporator 110 of 
the above embodiment are integratedly arranged face 
to-face, piping required for assembling the condenser 
evaporator into the double column rectifier 122 can be 
reduced, thus reducing the manufacturing and assen 
bling costs. 
The condenser-evaporator 120 is operated while mea 

suring the amount of liquid oxygen LO retained in the 
liquid oxygen reservoir 126 with a level meter 132 or 
the like. 
A condenser-evaporator 140, as illustrated in FIGS. 

23 and 24, is the seventh embodiment of this invention, 
and has a plurality of liquid reservoirs 63 provided in 
up-and-down multiple stages at one side portion, the 
reservoirs communicating with the oxygen chamber 56. 
This oxygen chamber 56 has one end of a liquid pas 

sage 61 communicating with the liquid reservoir 63 and 
an outlet 64 at the other end being open so as to serve as 
a gas outlet for oxygen gas GO. The individual liquid 
reservoirs 63, excluding the one at the lowermost stage, 
are provided with an overflow conduit 141 to permit 
liquid oxygen LO to sequentially flow to lower liquid 
reservoirs 63. 

Part of the liquid oxygen LO introduced in the upper 
most liquid reservoir 63 flows in the liquid passage 61 
and is partly evaporated to be bubbles of oxygen gas 
GO. After the bubbles rise together with the liquid 
oxygen LO through the liquid passage 61, they are 
separated from the liquid oxygen LO at the outlet 64 
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and rise thereafter. The liquid oxygen LO which has not 
been evaporated flows to the downward position of the 
condenser-evaporator 140 directly. 
The remaining liquid oxygen LO in the liquid reser 

voir 63 sequentially flows down through the overflow 
conduit 141 to the individual liquid passages 61, and 
overflows from the side wall of the liquid reservoir 63 at 
the lowermost stage to flow further downward. Since 
the liquid passages 142 and 143 at the uppermost and 
lowermost portions each have their one end closed, it is 
desirable that perforated plates permitting communica 
tion between the liquid passages 142 and 143 are used as 
the heat exchanger plates for those portions to prevent 
stagnation of oxygen gas GO. 
A condenser-evaporator 150 according to the eighth 

embodiment shown in FIGS. 25 and 26 has an oxygen 
chamber 56 in which slant bars 151 and 152 for closing 
the uppermost and lowermost liquid passages 142 and 
143 are provided. These portions communicate with a 
nitrogen chamber 57 to prevent stagnation of oxygen 
gas GO, and a weir 88 is formed at the top of the liquid 
reservoir 63 to permit liquid oxygen LO to sequentially 
flow down to lower liquid reservoirs 63 from weir 88 in 
place of the overflow conduit 141. 
FIG. 27 illustrates a ninth embodiment of the present 

invention which is a condenser-evaporator 160 having a 
manifold 67 with a communicating conduit 66 provided 
as means for supplying liquid oxygen LO to each liquid 
reservoir 63. To prevent a variation in the amount of 
liquid oxygen LO to be supplied to the individual liquid 
reservoirs 63 due to a liquid head in the manifold 67, and 
to evenly distribute the liquid oxygen LO, the cross 
sectional area of the communicating conduit 66 is deter 
mined by an amount corresponding to the level differ 
ence in the liquid head. Further, an overflow from the 
liquid reservoir 63 and the communicating conduit 66 
may be combined as means for supplying liquid to the 
liquid reservoirs 63. 
FIGS. 28 and 29 illustrate an example of assembling 

the condenser-evaporator 140 according to the seventh 
embodiment into a double column rectifier 122. Four 
condenser-evaporators 140 are arranged face to face on 
the circumference with a nitrogen gas elevating conduit 
104 at the center, the conduit 104 lying on a partition 
plate 122c for defining an upper column 122a and a 
lower column 122b of the double column rectifier 122. 
Between each condenser-evaporator 140 and the nitro 
gen gas elevating conduit 104 are provided liquid reser 
voirs 63 which communicate with each stage, with a 
liquid oxygen guide conduit 144 being inserted in the 
uppermost liquid reservoir 63. 

Nitrogen gas GN rises through the conduit 104 from 
the lower column 122b, and it is then led into the nitro 
gen chamber 57 from each inlet header 58 and is heat 
exchanged with liquid oxygen LO of the oxygen cham 
ber 56 to be a condensed liquid. This liquid is collected 
in an outlet header 59 and is led out from a lower con 
duit 131. 
The liquid oxygen LO flowing in the uppermost liq 

uid reservoir 63 of the condenser-evaporator 140 from 
the upper column 122a, partially flows in the liquid 
passages 61 of the oxygen chamber 56 and is heat 
exchanged with the nitrogen gas GN of the nitrogen 
chamber 57 and evaporated. The resulting oxygen gas 
GO flows through the liquid passage 61 and is led out 
from the outlet 64 as rising gas in the upper column 
122a, while part of it is extracted as product oxygen gas 
GO from a pipe 145. Excess liquid oxygen LO which is 
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not evaporated flows down from the outlet 64 of the 
liquid passage 61, is pored and retained on the partition 
122c, and is led out from the conduit 127. Part of the 
liquid oxygen LO is extracted as a product, while the 
remaining portion is elevated by a liquid oxygen pump 
or thermosiphon reboiler or the like and circulates from 
the upper conduit 125 again to the liquid reservoir 63. 
A shallow depth heat exchange of liquid oxygen LO 

can prevent the boiling point from rising due to the 
liquid head pressure and can lower the condensation 
temperature of nitrogen gas GN to reduce the opera 
tional pressure of the lower column 122b, thus reducing 
the power consumption of the raw air compressor. 
Since the condenser-evaporator 140 can be made taller 
to increase the heat exchanging area, a condenser 
evaporator with high performance can be set within the 
internal space of the rectifier, thus facilitating assembly 
of the double column rectifier 122 without a diameter 
increase of the vessel. Further, condensation and evapo 
ration occur at the instant liquefied gas flowing from the 
upper column 122a is introduced at the time of start up, 
thus significantly shortening the start up period and 
reducing the power consumption during this period. 
Although the condenser-evaporators according to the 
seventh eighth and ninth embodiments disclose a large 
capacity liquid circulating pump or thermosiphon re 
boiler as compared with the condenser-evaporators 
according to the first five embodiments, they have a 
simpler structure and are safer. 
The present condenser-evaporator can have the same 

results as are obtained by evaporation and condensation 
caused by heat exchange between liquid oxygen and 
nitrogen gas in air separation, even in a different case 
which involves different liquid and fluid. 

Industrial Applicability 
The present condenser-evaporator is particularly 

suitable to a condenser-evaporator for use in a large 
cryogenic air separation plant which involves a great 
amount of processing, can be made compact and reduce 

- the operational power consumption, and can reduce the 
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power unit of a product. 
What is claimed is: 
1. A condenser-evaporator comprising: 
first fluid chambers and second fluid chambers alter 

nately formed by multiple vertical partitions, a 
liquid in said first fluid chambers being heat 
exchanged with a fluid in said second fluid cham 
bers; 

a plurality of heat exchanger plates arranged in up 
and-down multiple stages in said first fluid cham 
bers to form a plurality of liquid passages each 
having one end open; and 

a plurality of liquid reservoirs each being in fluid 
communication with only one side of each said 
liquid passage with the open end on the other side 
of each said liquid passage, wherein fluid is sup 
plied from said liquid reservoir to each said liquid 
passage in the first fluid chambers and a part of the 
supplied fluid is evaporated, while unevaporated 
fluid flows out from the open end of each said 
liquid passage. 

2. A condenser-evaporator according to claim 1, 
wherein said liquid reservoirs are provided for a plural 
ity of liquid passages sequentially provided in an up 
and-down direction as one passage block. 

3. A condenser-evaporator comprising: 
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first fluid chambers and second fluid chambers alter 
nately formed by multiple vertical partitions, a 
liquid in said first fluid chambers being heat 
exchanged with a fluid in said second fluid cham 
bers; 

a plurality of heat exchanger plates arranged in up 
and-down multiple stages in said first fluid cham 
bers to form a liquid passage having one end open; 

a plurality of liquid reservoirs communicating with 
said liquid passage, having a top open and provided 
in up-and-down multiple stages on a side of the 
other end of said liquid passage; 

a plurality of liquid receivers, provided in up-and 
down multiple stages, for receiving a liquid flow 
ing down from said ends of said liquid passages; 
and 

a liquid return passage for returning a liquid in said 
liquid receivers to said liquid reservoirs, whereby a 
liquid is introduced in said liquid passage for heat 
exchange while being supplied to said liquid reser 
voir and/or liquid receivers in each stage. 

4. A condenser-evaporator according to claim 1 or 3, 
wherein said liquid passages have an upward inclination 
going from one end of the side of said liquid reservoirs 
toward a tip of the other end on the open side. 

5. A condenser-evaporator according to claim 3, 
wherein said liquid reservoirs and receivers are pro 
vided for a plurality of liquid passages sequentially pro 
vided in an up-and-down direction as one passage 
block. 

6. A condenser-evaporator according to claim 3, 
wherein a plurality of partition rods are provided in 
parallel to said heat exchanger plates for predetermined 
intervals of said heat exchanger plates disposed in said 
first fluid chambers to separate said passage into passage 
blocks including a plurality of passages in a vertical 
direction, liquid reservoirs and/or liquid receivers are 
provided for each of said passage blocks, and bottom 
plates of said liquid reservoirs and/or liquid receivers 
are connected to end portions of said partition rods. 

7. A condenser-evaporator according to claim 5 or 6, 
wherein a liquid passage located at an upper portion in 
said each passage block serves as a return passage for 
returning a liquid from said liquid receivers to said 
liquid reservoirs. 

8. A condenser-evaporator according to claim 3, 
wherein said return passage is a conduit or a gutter with 
a part open upward for connecting said liquid receivers 
and said liquid reservoirs. 

9. A condenser-evaporator according to claim 3, 
wherein said return passage is formed between said first 
fluid chambers or in a chamber formed adjacent to an 
outside of an outermost one of said first fluid chambers, 
by a passage defined by disposing a partition rod for 
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providing communication between the bottom plate of 55 
said liquid receiver and that of said liquid reservoir. 

10. A condenser-evaporator according to claim 3, 
wherein a liquid supply conduit is disposed along said 
liquid reservoirs and/or liquid receivers provided in 
up-and-down multiple stages, and said liquid supply 
conduit communicates with said liquid reservoirs and 
/or said liquid receivers through liquid supply holes 
formed in side walls of said liquid reservoirs and/or 
liquid receivers. 

11. A condenser-evaporator comprising: 
first fluid chambers and second fluid chambers alter 

nately formed by multiple vertical partitions, a 
liquid in said first fluid chambers being heat 
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exchanged with a fluid in said second fluid cham 
bers; 

a plurality of heat exchanger plates arranged in up 
and-down multiple stages in said first fluid cham 
bers to form first liquid passages having an upward 
inclination from one end of said condenser 
evaporator to the other end thereof and second 
liquid passages having an inclination rising form 
said other end of said condenser-evaporator to one 
end thereof in an opposite direction to that of said 
inclination of said first liquid passages; 

a plurality of liquid reservoirs communicating with 
individual liquid passages, having a top open and 
provided in up-and-down multiple stages at lower 
ends of said first and second liquid passages; and 

a plurality of discrete liquid receives communicating 
with individual liquid passages, having a top open 
and provided in up-and-down multiple stages at 
upper ends of said first and second liquid passages, 
whereby a liquid flowing down in said liquid re 
ceivers from one end of said liquid passages is sup 
plied to said liquid reservoirs of the other liquid 
passages. 

12. A condenser-evaporator according to claim 11, 
wherein said first liquid passages and said second liquid 
passages are grouped into a first liquid passage group 
and a second liquid passage group. 

13. A condenser-evaporator comprising: 
first fluid chambers and second fluid chambers alter 

nately formed by multiple vertical partitions; 
a plurality of heat exchanger plates arranged in up 
and-down multiple stages in said first fluid cham 
bers to form a plurality of liquid passages; 

a plurality of liquid reservoirs communicating with 
said liquid passages and provided in up-and-down 
multiple stages at one end side of said liquid pas 
Sages; 

a plurality of condenser-evaporator blocks for intro 
ducing a liquid in said liquid passages while supply 
ing said liquid to said liquid reservoirs at individual 
stages to be heat-exchanged with a fluid in said 
second fluid chambers; 

a plurality of discrete liquid receives communicating 
with individual liquid passages and provided in 
up-and-down multiple stages at the other end side 
of said liquid passages, for receiving a liquid flow 
ing down from one end of said liquid passages; and 

a liquid supply passage for permitting a liquid to flow 
from said liquid receivers to said liquid reservoirs 
of another condenser-evaporator block. 

14. A condenser-evaporator according to claim 13, 
wherein said condenser-evaporator blocks are arranged 
on the same circumference. 

15. A condenser-evaporator according to claim 13, 
wherein said liquid supply passage is a conduit or a 
gutter with a part open upward, provided between said 
liquid receivers and said liquid reservoirs. 

16. A condenser-evaporator comprising: 
first fluid chambers and second fluid chambers alter 

nately defined by many vertical partitions, a liquid 
in said first fluid chambers being heat-exchanged 
with a gas fluid in said second fluid chambers; 

a plurality of heat exchanger plates provided in said 
first fluid chambers in up-and-down multiple stages 
to form a plurality of liquid passages; 

a plurality of liquid reservoirs communicating with 
said liquid passages to introduce a liquid, having a 
top open and provided at only one end of said 
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liquid passages in up-and-down multiple stages, 
with the other end of said liquid passages being 
open; 

a plurality of heat exchanger plates disposed in said 
second fluid chambers in such a way as to have a 
downward inclination with respect to a flowing 
direction of said gas fluid to thereby form a plural 
ity of gas passages; 
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a gas guide passage provided close to an inlet side of 

said gas passages; and 
a discharge passage provided close to an outlet side of 

said gas passages. 
17. A condenser-evaporator according to claim 16, 

wherein discharge passages for evaporation gas and 
non-evaporated liquid are provided close to an outlet 
end of said liquid passages on said open side. said liquid 
passages on said open side. 

k is g 


